A thermomechanical processing approach using
The samples were then metallographically examined to establish parameters producing the desired levels of recrystallization. Microstructures for several finish rolling temperatures at total reduction of 40% can be seen in Figure  1 . All reductions at 968°C resulted in 0% recrystallization.
At 996"C, 100% recrystallization occurred at a total reduction of 40%. These results were used to select processing parameters for the subsequent rolling of material for mechanical property evaluation.
For this work, additional 25 mm thick transverse billet slices were cut and pre-rolled 80% (to 5 mm thick) at 1080°C. These sheets were then cut in half and finish rolled at a temperature below the delta solvus. Rolling temperatures in the range of 955"C-988°C were investigated with a total reduction of either 25% or 50%. All rolling reductions were 10% to 15% per pass with reheat between passes. Sheets approximately 125 mm wide x 500 mm long were produced.
The sheets then received an age of 76O"C/8 hrs + 73O"C/24 hrs + 69O"C/24 hrs. Test specimens were machined from each sheet following this heat treatment. Microstructural features spanning the range of processing conditions can be seen in Figure 2 . As in the cast version of Rene'220, optimum strengthening is associated with t gamma prime/gamma double prime "sandwich" %f ormation of the structure.
In Rene'220W, precipitation of "delta" plates will occur with exposures of several hours at: temperatures of approximately 830°C and higher. In Rene'220W. the "delta" plates have been characterized as a mixture of the or orhombic phase, and of closely related DOlg and DO 4 hexagonal phases th phases have a of the alloy.@ In Figure 2 , the "delta" tlates can be seen in Lh:":::
been identified in the *'de ta" plates in the cast version micrographs. The magnification is inadequate to resolve the gamma prime/gamma double prime structures.
Sheet with 50% reduction yields a "pancake" grain morphology.
A large amount of interand intragranular delta precipitation results when the sheet is rolled at 955°C with 509: reduction.
Less delta precipitation is observed when the sheet is rolled at 988°C with 50% reduction.
Rolling at 968°C with 25% reduction produces levels of delta precipitation similar to that observed in the sheet rolled at 988°C with 50% reduction.
Note that a much coarser grain size is obtained when the sheet is reduced in thickness by only 25%. Also, the amount of the "pancake" morphology is greatly reduced for sheet with 25% total reduction.
Specimen Geometry and Test Techniaue
Ellevated temperature tensile and creep/rupture tests were performed on sheet specimens.
All specimens were machined from the sheets in the L-T orientation.
The tensile tests were performed per ASTM specification E.21-79, while the creep/rupture tests were performed per ASTM specification E139-83. The specimen geometry can be seen in Figure  3 . Crack growth testing was performed using the pin loaded single edge notch (!3EN) specimen geometry, which can be seen in Figure 4 . The nominal gage section was 6.35 mm wide x 2.0 mm thickness. All crack growth specimens were machined with the specimen axis parallel to the rolling direction (IL-T orientation).
All of the data were acquired using the direct Gage section: 2.0 mm x 6.35 mm 
Mechanical Pronerties
The tensile and creep/rupture properties are summarized and compared with fine grain Inconel 718 forging properties in Table II . 
(650°C)
The 400°C tensile strength of the R'220W sheet is equal to or better than fine grain IN718 forging.
The creep and rupture capability of the sheet with 50% reduction did not meet the program goal. The hold time crack growth data for sheet with 50% reduction is plotted in Figure 5 . A small acceleration in crack growth rate can be seen with increasing rolling temperature from 955°C to 988°C. As part of the effort to improve the creep resistance, some rolled and direct aged material was subsequently so:Lutioned (1038"C/l hour) and aged. Crack growth data from this material, also plotted in Figure 5 , shows that the hold time crack growth resistance of the re-solutioned and aged material is greatly inferior to the others. However, lowering the total reduction to 25% during rolling produced a dramatic improvement in creep/rupture behavior. Table II shows that R'220W sheet with 25% reduction exhibits about a 27°C creep and rupture advantage over fine grain IN718 forging at equivalent stress levels. The hold time crack growth data for sheet rolled at 968°C with 25% total reduction is also plotted in Figure 5 . For a rolling temperature of 968°C. the sheet with 25% reduction exhibits only a modest acceleration in crack growth rate, but has much superior creep and rupture resistance compared to the 50% reduction sheet.
The 650°C crack growth data for sheet rolled at 968°C with 25% total reduction is plotted in Figure 6 along with similar data for fine grain Inconel 718 forging. The hold time data for the Rene'220W sheet were also plotted in Figure  5 . Compared to the continuous cycling baseline, Rene'220W exhibits only a small acceleration in hold time crack growth rate at 65O"C, in contrast to a 10X increase for Inconel 718. The Rene'220W behavior is very favorable for a wrought nickel-base superalloy at 650°C. delamination was symmetrical with respect to specimen thickness, as seen in Figure  7 (a). The micrographs in Figure  7 were obtained using high resolution scanning electron microscopy (SEM). Figure  7( The micrographs in Figure 2 indicate that the volume fraction of delta plates was similar for the sheet rolled at 988°C with 50% reduction and the sheet rolled at 968°C with 25% reduction. However, the creep/rupture resistance of the sheet with 25% reduction was superior to any of the sheet with 50% reduction.
The grain size was much coarser in the sheet with 25% reduction.
The large increase in creep resistance with increasing grain size agrees %f h observations in a thermomechnaical processing study of Inconel 718.
The thermomechanical processing approach developed for Rene'220W in this study yields an attractive balance of tensile, creep, rupture, and crack growth properties. This balance of properties was shown to be superior to fine grain Inconel 718 forging.
